+ T cells and suppress other types of immune cells (9) . It has been demonstrated that the presence of T regs in cancer lesions is inversely correlated with survival (10, 11) . Not all studies confirm the negative impact of T regs on survival. For follicular lymphoma and colorectal carcinoma, increased T reg infiltration correlated with a better survival (12, 13) . This may be explained by the fact that only a subset of T regs correlates with disease progression, or because T regs in these cases may counter potentially detrimental inflammatory responses (14) (15) (16) (17) . Furthermore, in animal studies, it was shown that depleting T regs or inhibiting their function greatly enhances subsequent therapeutic vaccination strategies in tumor-bearing animals (18) . Avoiding or reversing T reg suppression could therefore have a major beneficial effect in cancer patients.
Dendritic cells (DCs) are the most potent APCs of our immune system and have been shown to take center stage in the interplay among DCs, T regs , and CD8 + T cells (19) (20) (21) . In cancer, they are critically important for activating CD8 + T cells into potent cytotoxic T cells capable of lysing tumor cells (22, 23) . DCs are indeed capable of inducing T eff , depending on the stimulus by which these DCs have been activated. Moreover, these DC-activating stimuli will eventually determine the sensitivity of T eff to T reg suppression (24) (25) (26) . However, DCs can also induce T regs from naive CD4 + T cells, a feature that is dependent on the maturation status of the DCs. Immature or alternatively activated DCs were shown to induce T regs (27) (28) (29) (30) . From these data, it could be inferred that appropriate maturation stimuli can limit T reg induction.
It has also been shown that the DC function can be largely incapacitated in the presence of T regs , through secretion of inhibitory cytokines by the latter or by direct DC-T reg contact (31, 32) . T regs hamper appropriate DC maturation, resulting in "semimature" DCs that downregulate costimulatory molecules on their surface and reduce secretion of proinflammatory cytokines (33) . Instead, semimature DCs secrete IL-10 in high amounts, causing them to become powerful immune suppressors (34) . Recently, a novel mechanism has been described whereby T regs can actively take up CD80 and CD86 molecules from the membrane of DCs through transendocytosis via interactions with CTLA-4 (35) .
In this study, we evaluated the functional consequence of different maturation stimuli on interactions between human monocytederived DCs and T regs , demonstrating that DCs activated through electroporation with CD40 ligand (CD40L), caTLR4, and CD70 (TriMix-DCs) induce T eff that are refractory to T reg suppression. Moreover, TriMix-DCs were shown to reprogram T reg to Th1, providing evidence for T reg plasticity.
Materials and Methods

Generation of DCs
The leukapheresis products of healthy donors were elutriated (Elutra Cell Separation System; CaridianBCT) using a previously described technique (36) . Fractions 2 and 3 were used as a source for T cells, whereas fraction 5 containing monocytes was used for DC-differentiation. The elutriated monocytes were cultured in DC medium (RPMI 1640; Cambrex), supplemented with 1% autologous plasma, 20 mg/ml gentamicin, 1000 U/ml GM-CSF (prepared in-house), and 500 U/ml IL-4 (prepared in-house). The culture medium was replenished on days 2 and 4 of culture. On day 6, DCs were harvested and cryopreserved as previously described (37) .
Plasmids and in vitro generation of mRNA
The cDNA sequence encoding MEK1 dNES ED, referred to as MEK ED, a constitutively active form of MEK1 that activates the MAPK-ERK pathway, was transferred from the pDUAL plasmid (38) to the pST1 plasmid. The cDNA sequences encoding CD40L, caTLR4, and CD70 were transferred from a pGEM vector (39) to a pST1 vector using the restriction enzymes SpeI and XhoI. The protocols for in vitro transcription of mRNA and its subsequent quality control were previously described (40) .
Electroporation of DCs and maturation
Immature DCs (iDCs) were electroporated using a previously described protocol (40) . In brief, DCs were washed twice in serum-free RPMI 1640, resuspended in OptiMEM, and mRNA was added (total electroporation volume: 200 ml). Cells were electroporated using a square-wave pulse (GenePulser XCell; BioRad), immediately transferred to DC medium, and harvested after 4 h of incubation.
iDCs were thawed and electroporated with mRNA encoding a constitutively active form of TLR4 (caTLR4) and CD40L (further referred to as DiMix-DCs), or a combination of DiMix and CD70 encoding mRNA (further referred to as TriMix-DCs) (39) . Where indicated, DCs were electroporated with mRNA encoding MEK ED. Alternatively, iDCs were electroporated in the absence of mRNA (mock electroporation). These mock electroporated DCs were either kept immature or were matured for 24 h using a mixture of inflammatory cytokines (DCs maturated with a combination of the cytokines IL-1b, IL-6, TNF-a, and PGE 2 [CC-DCs]) containing 100 IU/ml IL-1b (prepared in-house), 1000 IU/ml IL-6 (Gentaur), 100 IU/ml TNF-a (Bachem), and 1 mg/ml PGE 2 (Pfizer) as described by Jonuleit et al. (41) .
Purification of T cells
Lymphocytes were purified from fractions 2 and 3 of the elutriation product and were used as a source of T cells. After thawing, CD8 + T eff were sorted on LS columns using MACS CD8 + magnetic beads (Miltenyi Biotec). T regs were sorted as previously described (42) . In brief, CD4 + T cells were purified using the CD4 + Multisort Kit (Miltenyi Biotec) and then stained with anti-CD25-PE (clone 2A3; BD Biosciences). Anti-PE magnetic beads were added and cells were first sorted on an LS column and further enriched on an MS column (Miltenyi Biotec) to obtain highly purified CD4 + CD25
high T cells. For each experiment, T reg purity was verified by flow cytometry. For some experiments, T regs were pre-enriched by MACS separation as described earlier and further sorted by cell sorting on a FACSAria III cell sorter (BD Biosciences) to isolate CD4 + CD25 high CD127 low T cells with high purity (.97%).
Flow cytometry
Flow cytometric analysis was performed using a FACSCanto or an LSRFortessa flow cytometer (both from BD Biosciences). FACSDiva (BD Biosciences) and FlowJo (Tree Star) software were used for acquisition and analysis of flow cytometry data, respectively. DC maturation was assessed using the following Abs: allophycocyanin-conjugated anti-CD11c and anti-CD40 Abs, FITC-conjugated anti-CD80 and anti-CD86 Abs, and PEconjugated anti-CD83 and anti-CD70 Abs (all from BD Pharmingen). The T cell phenotype was assessed using allophycocyanin-conjugated anti-CD3, PE-conjugated anti-CD8 (BD Pharmingen), and PE-cyanine 7-conjugated anti-CD4 Abs (eBioscience). T regs were specifically stained with a combination of PE-cyanine 7-conjugated anti-CD4 Abs, PEconjugated anti-CD25 Abs (Miltenyi Biotec), and FITC-conjugated anti-CD127 Abs (eBioscience). Intranuclear Foxp3 expression was assessed using an allophycocyanin-labeled anti-Foxp3 Ab (clone PCH101; eBioscience) in combination with a Foxp3 staining buffer set.
Induction of T regs
To assess T reg induction from naive CD4 + T cells, we sorted CD4
T cells from the elutriated lymphocyte fraction using the CD4 Multisort Kit (Miltenyi Biotec). The CD4 + fraction was labeled with anti-CD25 microbeads, and negative selection was performed using LD MACS columns (Miltenyi Biotec). CD4 + CD25 2 T cells were cocultured with differentially matured autologous DCs, whereby 10 4 DCs were cultured with 10 5 T cells in IMDM (Life Technologies), supplemented with 100 U/ml penicillin, 100 mg/ml streptomycin, 2 mM L-glutamine, amino acids (Cambrex), 1% human AB serum, and 25 IU/ml IL-2 (Chiron), referred to as complete T cell medium. Induction of T regs was assessed by flow cytometry after 1 wk, with T regs being defined as CD4
high T cells. These experiments were repeated in an allogeneic setting using a similar setup.
Inhibition of unstimulated CD8 + T cell proliferation
To assess the effect of T regs on the proliferation of unstimulated CD8 + T cells, we washed sorted CD8 + T cells and resuspended them in PBS (Lonza) at a cell density of 2 3 10 6 cells/ml, after which an equal volume of a 0.6-mM solution of CFSE (Molecular Probes) was added to achieve a final concentration of 0.3 mM CFSE. Activated DCs were treated as described earlier and subsequently cocultured with CFSE-labeled CD8 + T cells at a 1:10 ratio in complete T cell medium. The CD8 2 fraction was used as a source of CD4 + CD25
high T regs . T regs were immediately added to the cultures at a CD8 + T cell/T reg ratio of 1:1. For T cell stimulation, anti-CD3 beads were prepared using tosyl-activated Dynabeads (Invitrogen) and anti-CD3 Ab (clone OKT-3, prepared in-house). Beads were used at a bead/CD8 + T cell ratio of 1:1. Cultures consisted of 10 5 CD8 + T cells in 200 ml complete T cell medium, using round-bottom 96-well plates (Falcon). After 6 d of coculture, T cells were stained with CD3, CD4, and CD8, and inhibition of CD8 + T cell proliferation by T regs was measured by flow cytometry.
Effector CD8 + T cell suppression
DCs were cocultured with unstimulated CD8 + T cells in complete T cell medium for 1 wk, after which DCs were depleted using CD11c coated magnetic beads and an LD column. Purified CD8 + T cells were subsequently labeled with CFSE as described earlier. T regs were purified and cocultured with the preactivated CD8
+ T cells at a 1:1 ratio in complete T cell medium. For T cell stimulation, anti-CD3/CD28 Dynabeads (Invitrogen) were added at a bead/T cell ratio of 1:125. Six days later, the effect of T reg inhibition on CD8 + T cell proliferation was assessed by flow cytometry.
Coculture of DCs and T regs
To study the interaction between DCs and T regs , as well as their subsequent effect on CD8 + T cell proliferation, we cocultured differentially matured DCs with T regs for 48-72 h at a 1:1 ratio. T regs were isolated from these cocultures by cell sorting. Sorted T regs were then added to naive, CFSElabeled CD8 + T cells for 6 d in complete T cell medium in the presence of anti-CD3/CD28 Dynabeads at a bead/T cell ratio of 1:20. After 6 d, T regmediated suppression of CD8 + T cell proliferation was assessed by flow cytometry.
In a second setup, DCs were cocultured with T regs for 5 d. As a control, DCs were cocultured with naive CD4 + CD25
2 T cells. Intranuclear expression of Foxp3 and T-bet were assessed using allophycocyanin-conjugated anti-Foxp3 Abs or Alexa Fluor 647-conjugated anti-T-bet Abs (both from eBioscience). Supernatants of these cocultures were assessed for TNF-a, IL-5, IL-13, IL-17, IL-2, and IL-10 on a Bio-Plex 200 System Luminex reader using a custom-made 7-plex bead array (BioRad) following the manufacturer's instructions. Secretion of IFN-g was measured by ELISA (Thermo Scientific).
Statistics
For each experiment, a one-way ANOVA was performed with post hoc Bonferroni analysis for pairwise comparisons. Differences were considered significant at p , 0.05. Statistical significance is indicated in the figures.
Results
DCs matured with different stimuli induce similar levels of T regs from naive CD4 + T cells
We previously described that DCs electroporated with a combination of mRNA encoding caTLR4, CD40L, and CD70 (TriMix) can mount potent Ag-specific immune responses (39) . It has been shown that the maturation stimulus to which iDCs are subjected is an important determinant of their capacity to induce T regs from naive CD4 + T cells (27) . Therefore, we examined to what extent DCs electroporated with a combination of mRNA encoding caTLR4, CD40L (DiMix-DCs), or these factors together with CD70 encoding mRNA (TriMix-DCs) induce T regs from naive CD4 + T cells. iDCs, DiMix-DCs, or TriMix-DCs were cocultured with CD4 + CD25
2 T cells for 1 wk. As a positive control, we used CC-DCs, because they were described to induce high levels of T regs (27) . After coculture, the proportion of T cells that acquired a T reg phenotype, defined as CD4 + CD25 high CD127 2 Foxp3 high , was analyzed. We observed no difference between different maturation conditions in their capacity to induce T regs from CD4 + CD25 2 T cells (Supplemental Fig. 1 ). Because no differences were observed in this autologous setting, we repeated these experiments using allogeneic naive CD4 + T cells, as this strategy was previously applied to show induction of T regs by MEK ED-modified DCs (43) . Similar to the autologous setting, we did not observe any significant difference in T reg induction when comparing DCs matured by different stimuli, yet a trend toward slightly enhanced T reg induction using DiMix-and TriMix-DCs was observed (Fig. 1) . DCs in which the MAPK-ERK pathway was activated, that is, MEK ED modified DCs, were shown to induce the highest levels of T regs .
Inhibition of unstimulated CD8
+ T cell proliferation by T regs is alleviated in the presence of TriMix-DCs Next, we wanted to assess whether DiMix or TriMix matured DCs could influence T reg suppression of unstimulated CD8 + T cells. For this purpose, DCs were left immature (iDCs) or were maturated as described earlier (CC-DCs, DiMix-DCs, or TriMix-DCs). These matured DCs were cocultured with autologous CFSE-labeled CD8 + T cells and stimulated with anti-CD3-coated beads in the presence or absence of T regs . We performed experiments using different CD8 + T cell/T reg ratios and observed the highest level of suppression for a 1:1 ratio (see Supplemental Fig. 2A for CD8 + T cell purity and Supplemental Fig. 2B for titration) . After 6 d, we observed that CD8 + T cells cultured in the presence of either iDCs or with CC-DCs were highly susceptible to suppression by T regs . In the presence of DiMix-DCs, a reduced level of inhibition by T regs was observed. This effect was further enhanced in the presence of TriMix-DCs ( Our group previously reported that DiMix-or TriMix-DCs secrete significantly higher levels of cytokines than CC-DCs (39). Therefore, we wanted to assess to what extent the rescuing effect of TriMix-DCs could be attributed to differential cytokine secretion rather than to direct cell-cell contact with CD8 + T cells. DCs were matured as described earlier. T cells by T regs , showing that alleviation of T reg inhibition is a cellcontact-dependent process (Supplemental Fig. 2C ).
CD8
+ T cells, preactivated by TriMix-DCs, are protected against suppression by T regs
It is important that T eff are not suppressed by T regs to maintain potent tumor-specific CTL responses. Therefore, we wanted to assess the extent to which preincubation of unstimulated CD8 + T cells with differentially matured DCs influences the suppression of ensuing T eff by T regs . Sorted CD8 + T cells were precultured with DCs that were matured for 1 wk, as described in Materials and Methods. Resulting effector CD8 + T cells were then separated from the DCs, labeled with CFSE, and subsequently cocultured in the presence or absence of T reg for 6 d. Only preincubation with TriMix-DCs and to a lesser extent DiMix-DCs offered significant protection against T reg suppression (Fig. 3) .
TriMix-DCs partially impair the suppressive capacity of Tregs
Several studies have described that T regs and DCs can mutually influence each other's function (24) (25) (26) . Therefore, we wanted to examine the direct effect of DCs on the function of T regs . DCs were modified as described earlier and cocultured with T regs . After 5 d, we analyzed the phenotype of both the T regs and the DCs. When analyzing the expression of the maturation markers CD80, CD86, and CD40 on the DCs upon coculture with T regs , no effect on the expression of these markers was observed (Supplemental Fig. 3 ). We also investigated CD27 expression on T regs , as it has been described that CD27 can be eliminated from T regs by CD70-bearing DCs through a process called transendocytosis. Moreover, Tregs with reduced CD27 expression were shown to be less suppressive (M. Moser, personal communication). We therefore wanted to examine whether this is also the case in a human system and whether this would affect T reg functionality. When examining the T regs , we did observe a significant decrease in CD27 expression on T regs that had been cocultured with TriMix-DCs (overexpressing CD70), but not for the other conditions (Fig. 4A) .
After coincubation with DCs, T regs were isolated by cell sorting (gating strategy in Supplemental Fig. 4A ) and cocultured with sorted CD8 + T cells. After 6 d, suppression of CD8 + T cells by T regs was assessed. Although a trend toward reduced T reg inhibition of CD8 + T cell proliferation was observed for TriMix-DCs conditionally exposed to T regs , this was not significant (Fig. 4B ). In addition, T reg viability at the end of the subsequent cocultures did not differ significantly (Supplemental Fig. 4B ). 
T regs display a Th1 phenotype upon coculture with DiMix-DCs or TriMix-DCs
Because we clearly showed that T regs lost part of their suppressive capacity when cocultured with TriMix-DCs, we wondered whether this reduced T reg suppression might be attributed to a conversion toward an effector phenotype. Therefore, we cocultured differentially matured DCs with T regs for 5 d, after which these T regs were analyzed for the expression of T reg markers. We found that CD25 expression increased compared with freshly isolated T regs upon coculture with DCs. This effect was most pronounced for iDC and CC-DC conditions (Fig. 5A ). There was no significant difference in Foxp3 expression, only a trend toward a higher expression in DiMix and TriMix conditions (Fig. 5B) .
We next wanted to evaluate whether other functional properties of T regs had been changed. One of the characteristics of T regs is their low secretion of cytokines compared with T eff . Therefore, the secretion of several effector cytokines, including IFN-g, TNF-a, IL-5, IL-13, IL-17, and IL-10 was determined upon coculture with DCs (Fig. 5C) . As positive controls, we cocultured mature DCs with naive CD4 + CD25 2 T cells (data not shown). We observed a marked increased IFN-g and TNF-a secretion by the T regs that were cocultured with either DiMix-or TriMix-DCs, but also an increase in secretion of IL-10. These data suggest that DiMix-and TriMix-DCs reprogram T regs toward a Th1 phenotype.
To confirm the differentiation of T regs toward a Th1 phenotype, we stained cells for T-bet, the transcription factor responsible for Th1 cell commitment. An increase in T-bet expression was observed for T regs incubated with DiMix-and TriMix-DCs, but not for the other conditions (Fig. 5D) . We also observed a downregulation of Foxp3 in all conditions compared with T regs before the start of the coculture.
Discussion
Our results indicate that TriMix-DCs, and to a lesser extent DiMixDCs, can reduce suppression of CD8 + T cells by T regs at different levels. Over the years, several mechanisms have been described by which T regs can suppress T eff responses. These include direct effects on T eff , metabolic disruption through tryptophan conversion (44) or adenosine secretion (45), IL-2 scavenging (46), and effects on DC function (32, 47) . T regs are often phenotypically characterized as CD4 + CD25
high Foxp3 + (48) (49) (50) . The problem is that CD25 expression forms a continuum, making it difficult to accurately determine the CD25 high population; hence the search for additional markers, of which CD127 is now widely used. In fact, a recent article points out that CD127 is even more specific for T regs than a high expression of CD25 because there is a clear cutoff using CD127 (51) .
Because DCs are crucial mediators of Ag-specific T cell priming, the interactions between DCs and T regs have been extensively studied during the last few years. It was shown that DCs can influence the inhibitory function of T regs depending on the maturation stimulus they received (25, 52, 53) . Whereas iDCs were shown to support T reg development, mature DCs were shown to override T reg suppression both in vitro and in vivo. We found that DiMix-and TriMix-DCs, but not DCs, matured by other stimuli reduced T reg suppression of effector CD8 + T cells. Because it was shown by Pasare and Medzhitov (53) that IL-6 and other soluble factors induced by DC maturation are responsible for this effect, we next tested whether supernatants from DC cultures were sufficient to inhibit T reg suppression. We did not see any effect of the DC supernatant by itself on T reg suppression, suggesting that direct contact with DCs is required. In addition to direct effects on T reg suppression, it has been described that DCs can provide strong costimulatory activation of naive T cells, and that this can lead to protection of ensuing T eff against subsequent T reg suppression (54) (55) (56) . When unstimulated CD8 + T cells that had been prestimulated with differentially matured DCs were coincubated with T regs , we found that TriMix-DCs and to a lesser extent DiMix-DCs induced T eff that were protected against T reg suppression. Whether CD70-mediated costimulation plays a role in this mechanism is unclear, but data from the literature suggest that this might be the case (57) .
Until recently, it was believed that T reg differentiation is an irreversible process. However, more and more data indicate that there is a substantial level of plasticity in CD4 + T cell differentiation, not only starting from naive CD4 + T cells, but also from T eff (58) . We could not demonstrate that DiMix-and TriMix-DCs were capable of directly impairing T reg functionality on CD8 + T cell proliferation, but on the other hand, they seemed able to skew T regs toward a Th1-like phenotype, making these T regs secrete INF-g. Although it is well-known that different Th cell types can differentiate toward a T reg phenotype, the (in)stability of the T reg phenotype is still a matter of debate (59) . Some recent reports have shown that Foxp3 expression by naturally occurring T regs is stable and that T regs retain their suppressive capacity under different inflammatory conditions (60) , whereas others have shown that a significant level of flexibility exists between T regs and Th phenotypes (61). Thus, it was shown that the decision to differentiate toward T regs or Th17 cells hinges on the balance between Foxp3 and RORgt expression (62) . Recently, it was shown that upregulation of T-bet, a Th1 signature transcription factor, is important for T reg homeostasis (63) . Depending on the stimulus used, T regs remain either suppressive (63) or a proportion of the T regs can secrete IFN-g (61, 64, 65) . We cocultured T regs with differentially modified DCs and observed no phenotypical difference between these T regs . In coculture with CD8 + T cells, we also did not observe any significant difference in suppression. However, T regs cocultured with either DiMix-or TriMix-DCs secreted much higher levels of IFN-g than T regs cocultured with iDCs or CC-DCs. Moreover, these T regs also upregulate T-bet, a transcription factor usually associated with Th1 CD4 + T cells. The literature indeed confirms the possible upregulation of T-bet in T regs under the influence of IFN-g in a mouse model, but only a small proportion secreted IFN-g. This system can be maintained by IL-12 secretion by DCs. In fact, T-bet + T regs are thought to play a role in maintenance and migration of the T reg population, and thus contribute to suppression rather than becoming immune-stimulating cells (66, 67) . We also observed this, as DiMix-and TriMix-DCs both secrete a very high amount of IL-12 (39) . We observed a very high IFN-g secretion overall, but because of technical constraints we were unable to assess the number of T regs secreting IFN-g. Recently, using samples of healthy donors, the existence of several subtypes of T regs has been demonstrated, each corresponding to a particular subset of Th cells. These Th-like T regs each secrete cytokines typical of their T eff "mirror," for example, Th1-like T regs secrete IFN-g like Th1 cells do, but these T regs nevertheless remain suppressive. Each subset can be expanded under certain stimuli, typically in conditions stimulating their "mirror" Th cell type. These data in a human system confirm our results (68) . Moreover, we observed a high secretion of TNF-a. This was, to our knowledge, not published previously and confirms the Th1 status of the T regs that were induced. Foxp3 expression remains elevated in these studies, which was confirmed by our results. Why Foxp3 remained elevated is unclear, but it has been shown that Foxp3 is also expressed in activated human T cells (69) . CD70 overexpression by DCs has been shown to stimulate naive CD4 + and CD8 + T cells, and is even capable of breaking tolerance in a mouse model (70) . In humans, CD8 + T cells are similarly activated, making use of CD70 overexpression by DCs in combination with a maturation stimulus (39) . To obtain stimulation, CD70 interacts with CD27, which is present on activated T cells. However, T regs also express high levels of CD27, suggesting that DC-T reg interaction via this pathway also takes place. Interestingly, a profound downregulation of CD27 on T regs was observed when T regs were cocultured with TriMix-DCs, but not with DCs that were matured with other stimuli. These results are in accordance with previously published data whereby CD8 + T cells downregulate CD27 when cocultured with CD70-expressing DCs (39) . A possible explanation is internalization of the CD70-CD27 complex by DCs, as has been shown in mice (M. Moser, personal communication) (71) . The CD27 receptor is known to influence Tbet expression and IFN-g secretion (72, 73) , which might be the cause for the enhanced induction of T-bet + Th1-like cells by TriMix-DCs compared with DiMix-DCs. This indicates that the CD70-CD27 pathway is involved in regulation of T reg functionality and phenotype shift, although its relative importance remains unclear.
Another way in which DCs can influence the T reg activity is by inducing de novo differentiation of Foxp3 + T regs from naive CD4 + T cells (74) . Recent studies have shown that DCs are crucial for the induction of T regs and that the extent of T reg induction is determined by the maturation state of the DCs (27, 29, 30, 75) . Thus, Banerjee et al. showed that CC-DCs are capable of high T reg induction (up to 10% Foxp3 + CD4 + T cells) (27, 29) . This was not the case in our hands. For both DiMix-DCs and TriMix-DCs, we observed a higher induction of T regs compared with CC-DCs, although this difference did not reach statistical significance. Because our group previously found that ERK-activated DCs produce significant levels of TGF-b and induce strong T reg differentiation (43) , this experimental system was used as a positive control. Nonetheless, in these experiments, we did not find that the DC maturation stimuli under evaluation were a major determinant of de novo T reg differentiation.
In conclusion, we present a novel mechanism whereby T reg functionality can be partially overcome, depending on the DC maturation stimulus used. Moreover, T regs can switch to a Th1 phenotype in the presence of DiMix or TriMix maturated DCs. This switch could be exploited in DC-based cancer vaccination, by converting T regs into additional Th cells, rather than trying to obliterate them. The immune monitoring data from our melanoma patients included in our TriMix-DC trials do support the enhanced immunogenicity of these cells. Whether these in vitro findings also play a role in vivo remains to be demonstrated (76) .
